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Edited by Maurice MontalAbstract Syntaxin 1A and synaptotagmin I are key partici-
pants of fusion complex formation during exocytotic processes,
and syntaxin 1A is known to be present in the plasma membrane.
Here, we show the presence of not only synaptotagmin I but also
syntaxin 1A in secretory granules of bovine adrenal chromaﬃn
cells by immunogold electron microscopy, and further demon-
strate the interaction of these proteins with chromogranins A
and B (CGA and CGB), two major proteins of secretory gran-
ules. Interaction between chromogranins and the compo-
nents of fusion complex also suggests active participation of
CGA and CGB in fusion complex formation and subsequent
exocytosis.
 2004 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Syntaxin 1A, soluble N-ethylmaleimide-sensitive factor
attachment protein-25 (SNAP-25), and synaptobrevin/vesicle
associated membrane protein (VAMP) are known to directly
participate in the fusion complex formation during exocytotic
processes, while synaptotagmin I functions as a Ca2+ sensor
[1–5]. Synaptotagmin I is also known to bind syntaxin and
phospholipids in the presence of Ca2+ [5–7]. In the event the
cellular Ca2+ concentration reaches a certain level suﬃcient
to initiate the fusion process, the increased Ca2+ concentration
is presumed to be sensed by synaptotagmin, resulting in the
conformational change of the protein. This conformational
change by synaptotagmin present on the synaptic- or secretory
granule membrane is supposed to be the initiator for later
interactions between a v-SNARE (soluble N-ethylmaleimide-Abbreviations: CGA, chromogranin A; CGB; chromogranin B; IP3R,
inositol 1,4,5-trisphosphate receptor; SNARE, soluble N-ethylmalei-
mide-sensitive factor attachment protein receptor; SNAP-25, soluble
N-ethylmaleimide-sensitive factor attachment protein-25; VAMP, ves-
icle associated membrane protein
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doi:10.1016/j.febslet.2004.11.079sensitive factor attachment protein receptor) synaptobrevin/
VAMP and t-SNAREs like syntaxin and SNAP-25 [1–5].
Interaction between synaptobrevin, syntaxin, and SNAP-25
is supposed to be responsible for the fusion complex forma-
tion, a step preceding the fusion pore formation [1–5]. Struc-
tural study has shown that syntaxin-1A, synaptobrevin-II
and SNAP-25B form a highly twisted and parallel four-helix
bundle consisting of the cytoplasmic domain of synaptobre-
vin-II, the carboxy-terminal H3 domain of syntaxin-1A, and
the amino- and carboxy-terminal domains of SNAP-25B [8].
This structure appeared to be supporting the role of SNAP-
25 in bringing the synaptic vesicle membrane and the presyn-
aptic plasma membrane together by joining v-SNARE
synaptobrevin/VAMP and t-SNARE syntaxin [8].
Immunoﬂuorescence and subcellular fractionation studies
indicated in the past the presence of synaptotagmin I in secre-
tory granules [9–12]. However, syntaxin 1A has been known to
be present in the plasma membrane as a member of t-SNAREs
[1–6,13]. Since the immunoﬂuorescence and subcellular frac-
tionation methods do not allow precise localization of target
molecules, a more detailed study regarding exact localization
of syntaxin 1A and synaptotagmin I was warranted.
Secretory granules of neuroendocrine cells contain high
concentrations of chromogranins A (CGA) and B (CGB)
[14,15] in addition to hormones, proteins, and ions such as
Ca2+, Mg2+, and Zn2+ [16,17]. Chromogranins have recently
been demonstrated not only to play granulogenic roles,
inducing secretory granule formation even in non-neuroen-
docrine cells [18–20], but also to activate the inositol 1,4,5-
trisphosphate receptor (IP3R)/Ca
2+ channels [21–23], thereby
playing essential roles in controlling IP3-dependent intracel-
lular Ca2+ release [24]. Furthermore, it has been shown pre-
viously that CGA interacts with several integral membrane
proteins of secretory granules, including the IP3R [25]. In
view of the fact that CGB also interacts with the secretory
vesicle membrane [26], we have here extended the work
and show that CGA and CGB also interact with several
granule integral membrane proteins, including syntaxin 1A
and synaptotagmin I.2. Materials and methods
2.1. Materials
Cyanogen bromide (CNBr)-activated Sepharose 4B was obtained
from Amersham Pharmacia Biotech. Polyclonal synaptotagmin I anti-
body was from Sigma (St. Louis, USA) and monoclonal antibodies for
syntaxin 1A were from Serotec (Oxford, UK).blished by Elsevier B.V. All rights reserved.
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The nucleoplasmic proteins of chromaﬃn cells were obtained from
the puriﬁed nuclei of bovine adrenal chromaﬃn cells. For this purpose,
bovine adrenal medulla (40 g) was cut out from bovine adrenal glands
and 5 ml/g medulla of buﬀer 1 (0.3 M sucrose, 15 mM Tris–HCl, pH
7.5, and 0.1 M NaCl) was added. Following mincing and homogeniza-
tion with a blender, the homogenates were ﬁltered through three layers
of cheesecloth and centrifuged for 15 min at 1000 · g. The pellet was
then resuspended in 100 ml of buﬀer 2 (0.25 M sucrose, 10 mM
Tris–HCl, pH 7.5, 10 mM NaCl, 3 mM MgCl2, 1 mM DTT, and 0.5
mM PMSF) and centrifuged for 10 min at 1000 · g. After resuspension
of the pellet in 60 ml of buﬀer 2 and homogenization with a Teﬂon pes-
tle, the homogenates were layered over a sucrose gradient (1.4–2.2 M)
for centrifugation at 98 000 · g for 30 min. The nuclei-containing layer
was collected, homogenized, and layered on a 2.0 M sucrose solution
for re-centrifugation at 98 000 · g for 30 min. The resulting crude nu-
clear pellet was resuspended in buﬀer 2, homogenized, and layered over
a 1.8 M sucrose solution for centrifugation. At this stage, the pellet
consists mostly of the nuclei. To further separate the residual cell deb-
ris from the nuclei, the nuclear pellet in buﬀer 2 was centrifuged at
1500 · g for 20 min. The puriﬁed nuclei were then subjected to sonica-
tion after resuspending the nuclei in 15 mM Tris–HCl, pH 7.5. Follow-
ing centrifugation at 21 000 · g for 30 min, pure nucleoplasmic
proteins were obtained in the supernatant. All the procedures were
done at 4 C.2.3. Immunocytochemical localization of syntaxin 1A and
synaptotagmin I
For the immunogold electron microscopic study of chromaﬃn cells,
the tissue samples from bovine adrenal medulla were prepared as de-
scribed [27], except that antibodies for syntaxin 1A or synaptotagmin
I were used. Controls for the speciﬁcity of each antibody-speciﬁc
immunogold labeling included (1) omitting the primary antibody and
(2) replacing the primary antibody with the preimmune serum. After
washing in PBS and deionized water, the grids were stained with uranyl
acetate (7 min) and lead citrate (2 min), and were viewed with a Zeiss
EM912 electron microscope.
2.4. Puriﬁcation of chromogranins and coupling to CNBr–Sepharose 4B
Native bovine chromogranin A and recombinant bovine chromogr-
anin B expressed in Escherichia coli BL21 were puriﬁed as described
[28], and coupling of CGA or CGB to the CNBr–Sepharose 4B was
done according to the published method [25]. For chromogranin cou-
pling, 0.4 g (dry weight) of CNBr-activated Sepharose 4B was used to
couple 10 mg of puriﬁed chromogranin, and 1.4 mg of chromogranin
was estimated to be coupled per ml (wet volume) of Sepharose 4B.Fig. 1. SDS–PAGE and immunoblot analysis of nucleoplasmic protein
(A) Nucleoplasmic proteins and integral membrane proteins of secretory g
SDS–polyacrylamide gel (10 lg/lane) and visualized by Coomassie blue
polyacrylamide gel (30 lg/lane) and analyzed by immunoblot analysis using2.5. Extraction of integral membrane proteins of secretory granule
To obtain bovine secretory granule membrane, the secretory gran-
ules that had been prepared as described previously [29] were resus-
pended in 40 vol of 15 mM Tris–HCl, pH 7.5, and then frozen and
thawed to lyse the granules. The lysed granules were centrifuged at
48 000 · g for 30 min to separate the lysates from the membrane that
was obtained as pellet in the centrifuge tube. From this granule mem-
brane, the integral membrane proteins were extracted and were used in
the chromogranin-binding experiments [25].
2.6. Trichloroacetic acid (TCA) precipitation of the eluted proteins
To precipitate the membrane proteins in the eluted fractions of chro-
mogranin-coupled Sepharose 4B column chromatography, TCA was
added to the eluted fractions (10% ﬁnal) and left on ice for 1 h. The
precipitated proteins were then pelleted by centrifugation at
22 000 · g for 30 min at 4 C. The pellet was then resuspended in
the original volume of ice-cold ethanol/ether and left on ice for 15
min. After centrifugation at 22 000 · g for 30 min at 4 C and removal
of ethanol/ether, the protein pellet was dissolved in 8 M urea before
analysis by SDS–polyacrylamide gel electrophoresis and immunoblot.3. Results
To determine the purity of the integral membrane proteins
of secretory granules, the integral membrane proteins were
subjected to immunoblot analysis using antibodies for histone
H1, syntaxin 1A and synaptotagmin 1 (Fig. 1). As shown in
Fig. 1, the secretory granule membrane proteins were devoid
of histone H1, but contained syntaxin 1A and synaptotagmin
I, indicating not only the purity of the membrane proteins but
also the presence of syntaxin 1A and synaptotagmin I in the
membrane proteins.
To conﬁrm the presence of syntaxin 1A in secretory gran-
ules, presence of syntaxin 1A in the subcellular organelles of
bovine adrenal medullary chromaﬃn cells was examined by
immunogold electron microscopy. As shown in Fig. 2A, the
syntaxin 1A-labeling gold particles were found in the endoplas-
mic reticulum (ER), plasma membrane, and secretory gran-
ules, but not in mitochondria. However, presence of syntaxin
1A in the plasma membrane was not as evident as that in
secretory granules. In secretory granules where the membranes and secretory granule membrane proteins of chromaﬃn cells.
ranules of bovine adrenal chromaﬃn cells were separated on a 10%
staining. (B) The same proteins were separated on a 10% SDS–
antibodies for histone H1, syntaxin 1A, and synaptotagmin I.
Fig. 2. Immunogold electron microscopy showing the localization of
syntaxin 1A and synaptotagmin I in chromaﬃn cells. Bovine adrenal
medullary chromaﬃn cells were immunolabeled for syntaxin 1A (A)
and synaptotagmin I (B) (15 nm gold) with the antibodies speciﬁc for
each protein. (A) The syntaxin 1A-labeling gold particles are localized
in the endoplasmic reticulum (er) plasma membrane (denoted by
asterisks), and secretory granules (SG), but not in mitochondria (M).
The syntaxin 1A-labeling gold particles in secretory granules are
localized primarily in the membrane region. (B) The synaptotagmin I-
labeling gold particles are localized in the er, and secretory granules
(SG), but not in mitochondria (M). The synaptotagmin I-labeling gold
particles in secretory granules are also localized primarily in the
membrane region. Bar = 200 nm.
Table 1
Distribution of syntaxin 1A-labeling gold particles in bovine adrenal
medullary chromaﬃn cell
Number of gold
particlesa/area viewed
(lm2)
Gold particles
(lm2)
Endoplasmic reticulum 115/7.9 14.6
Secretory granules 462/20.0 23.1
Mitochondria 3/2.6 1.2
aFourteen images from four diﬀerent tissue preparations were used.
224 S.H. Yoo et al. / FEBS Letters 579 (2005) 222–228structures are visible, the syntaxin 1A-labeling gold particles
were localized primarily in the membrane regions.
Localization of synaptotagmin I was similar to syntaxin 1A.
As shown in Fig. 2B, the synaptotagmin I-labeling gold parti-
cles were found in the ER and secretory granules, but not in
mitochondria. Again, in secretory granules the synaptotagmin
I-labeling gold particles were localized primarily in the mem-
brane regions. Identical experiments that had been carried
out either in the absence of the primary antibody or with the
preimmune serum in place of the primary antibody showed
no gold particles (not shown), indicating speciﬁcity of the syn-taxin 1A- or synaptotagmin I-labeling gold particles in the
above results.
Consistent with the absence of syntaxin 1A or synaptotag-
min I in mitochondria, virtually no syntaxin 1A- or synapto-
tagmin I-labeling gold particles were present in
mitochondria. To compare the relative abundance of syntaxin
1A in subcellular organelles, we have counted syntaxin 1A-
labeling gold particles in each organelle from 14 diﬀerent
images that had been prepared from four diﬀerent tissue prep-
arations (Table 1). As shown in Table 1, 14.6 syntaxin 1A-
labeling gold particles/lm2 of the ER were found while the
number of syntaxin 1A-labeling gold particles/m2 of secretory
granules was 23.1. Even taking 1.2 gold particles found per
lm2 of mitochondria, which is the level of non-speciﬁc bind-
ing, into consideration, 23.1 syntaxin 1A-labeling gold parti-
cles found per lm2 of secretory granules clearly demonstrate
the presence of syntaxin 1A in secretory granules.
To obtain the secretory granule membrane proteins that
bind to CGA at the intragranular pH 5.5, the proteins that
had been extracted from the puriﬁed secretory vesicle mem-
brane were loaded onto a CGA-coupled Sepharose 4B column
(0.8 ml vol), and the column was washed under various condi-
tions (Fig. 3A). In consideration of the membrane proteins
which might have bound to CGA with high aﬃnity, the elution
was carried out not only with the pH 7.5 buﬀer (elution 1) but
also with the pH 7.5, 1 M KCl buﬀer (elution 2). As shown in
Fig. 3A, most of the CGA-bound integral membrane proteins
were eluted by the pH 7.5 buﬀer (elution 1) as no or little addi-
tional proteins were released in elution 2. This result indicated
that pH change alone, from 5.5 to 7.5, was suﬃcient to release
most of the CGA-bound secretory granule integral membrane
proteins, in agreement with the previous results [25].
In control experiment that had been carried out with the
same CGA-coupled column but without any membrane pro-
teins loaded, it was found that a small amount of CGA (<5
lg) was also released from the CGA-column in each cycle of
the pH 5.5 buﬀer washes and the pH 7.5 buﬀer elution. In
other control experiment which had been carried out with a
bovine serum albumin-coupled column, it was shown that ap-
proximately 6–10% of the proteins that had bound and been
released from the CGA-column was released in the elutions,
indicating that the integral membrane proteins that had been
eluted from the CGA-column were the ones that had inter-
acted, directly or indirectly, with CGA coupled to the resin
(not shown).
To analyze the membrane proteins that bind to CGA, an un-
der-saturating amount of membrane proteins (0.1 mg) was
loaded on the CGA-column, washed, and eluted as described
in Fig. 3A, and the eluted proteins from the CGA-column were
separated on an SDS–PAGE gel (Fig. 3B). Fig. 3B shows that
Fig. 3. Chromogranin A-coupled Sepharose 4B chromatography of the integral membrane proteins of secretory granules. (A) 0.5 mg of the integral
membrane proteins in 0.5 ml of buﬀer A (20 mM sodium acetate, pH 5.5, 0.1 M KCl, and 0.1% Triton X-100) was loaded onto a CGA-coupled
Sepharose 4B column (0.8 ml vol) equilibrated with buﬀer A. The column was washed with 10 ml each of buﬀer A (wash 1), followed by buﬀer A
containing 0.15 M KCl (wash 2), and again with buﬀer A (wash 3). The protein was then ﬁrst eluted with a pH 7.5 buﬀer (20 mM Tris–HCl, pH 7.5,
0.1 M KCl, and 0.1% Triton X-100) (elution 1). The second elution was carried out with the same pH 7.5 buﬀer except that 0.1 M KCl was replaced
with 1 M KCl (elution 2). The fraction size was 1 ml/fraction and the chromatography was carried out at room temperature. (B) To identify the
proteins that bind to CGA, 0.1 mg of the integral membrane proteins in 1.5 ml of buﬀer A was loaded onto the same CGA-column, washed, and
eluted as described in (A). The eluted membrane proteins from (A) were then separated on a 10% SDS–polyacrylamide gel (10 lg/lane) and visualized
by Coomassie blue staining. For immunoblot analysis using syntaxin 1A and synaptotagmin I antibodies, 10 lg of the same proteins was loaded and
separated on a 10% SDS–polyacrylamide gel except that in the preloading input (I) 30 lg was loaded. M, size marker; I, the preloading input; F, ﬂow-
through; E1, elution 1.
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7.5 buﬀer. Moreover, the immunoblot analysis shows that
these proteins react with antibodies speciﬁc for syntaxin 1A
and synaptotagmin I (Fig. 3B). Syntaxin 1A antibody reacted
with a 36 kDa protein both in the preloading input and the
eluate, but very little of this protein was present in the ﬂow-
through. In addition, the antibody speciﬁc for synaptotagmin
I also reacted with a 65 kDa protein in the eluate but not
in the ﬂow-through (Fig. 3B). Given that 10 lg of proteins
was loaded in the eluate lane compared to 30 lg in the preload-
ing input lane, syntaxin 1A and synaptotagmin I appeared to
be enriched approximately 2.5-fold in the eluate. These results
indicated that CGA interacted with syntaxin 1A and synapto-tagmin I at the intragranular pH 5.5, but dissociated from
them at the near physiological pH 7.5 although it is not known
whether these proteins interacted with CGA directly or not.
Further, to obtain the secretory granule membrane proteins
that bind to chromogranin B, the integral membrane proteins
were loaded onto a CGB-coupled Sepharose 4B column (0.8
ml vol), and the column was washed under various conditions
(Fig. 4A). Since elution with the pH 7.5 buﬀer was not suﬃ-
cient to dissociate all the bound membrane proteins from the
CGB column [26], the elution was carried out with pH 7.5, 1
M KCl buﬀer. As shown in Fig. 4A, a substantial amount of
protein was released in the elution from the CGB column, sug-
gesting that a large quantity of integral membrane proteins of
Fig. 4. Chromogranin B-coupled Sepharose 4B chromatography of the integral membrane proteins of secretory granules. (A) 0.5 mg of the integral
membrane proteins in 0.5 ml of buﬀer A was loaded onto a CGB-coupled Sepharose 4B column (0.8 ml vol) equilibrated with buﬀer A. The column
was washed with 10 ml each of buﬀer A (wash 1), followed by buﬀer A containing 0.15 M KCl (wash 2), and again with buﬀer A (wash 3). The
protein was then eluted with the pH 7.5, 1 M KCl buﬀer (20 mM Tris–HCl, pH 7.5, 1.0 M KCl, and 0.1% Triton X-100) (elution). (B) To identify the
proteins that bind to CGB, 0.1 mg of the integral membrane proteins in 1.5 ml of buﬀer A was loaded onto the same CGB-column, washed, and
eluted as described in (A). The eluted membrane proteins from (A) were then separated on a 10% SDS–polyacrylamide gel and either visualized by
Coomassie blue staining or subjected to immunoblot analysis using syntaxin 1A and synaptotagmin I antibodies. M, size marker; I, the preloading
input; F, ﬂow-through; E, elution. Other conditions, including the amount of proteins loaded in each lane, are the same as Fig. 3.
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5.5. In control experiment which had been carried out with a
bovine serum albumin-coupled column, it was shown that
approximately 8–11% of the proteins that had bound and been
released from the CGB-column was released in the elutions,
indicating that the integral membrane proteins that had been
eluted from the CGB-column were the ones that interacted
speciﬁcally with CGB coupled to the resin.
To analyze the proteins that bind to CGB, an under-saturat-
ing amount of membrane proteins (0.1 mg) was loaded on the
CGB-column, washed, and eluted as described in Fig. 4A, and
the eluted fractions were separated on an SDS–PAGE gel (Fig.
4B). Fig. 4B shows that a number of integral membrane pro-
teins were eluted by the pH 7.5, 1 M KCl buﬀer. Moreover,
the immunoblot analysis shows that these proteins react with
antibodies speciﬁc for syntaxin 1A and synaptotagmin I (Fig.
4B). Syntaxin 1A antibody reacted with a 36 kDa protein
both in the preloading input and the eluate, but very little of
this protein was present in the ﬂow-through. In addition, the
antibody speciﬁc for synaptotagmin I also reacted with a
65 kDa protein in the eluate but not in the ﬂow-through
(Fig. 4B). Again, given that 10 lg of proteins was loaded inthe eluate lane compared to 30 lg in the preloading input lane,
syntaxin 1A and synaptotagmin I appeared to be enriched
approximately 2.5-fold in the eluate. These results indicated
that CGB interacted with syntaxin 1A and synaptotagmin I
at the intragranular pH 5.5, but dissociated from them at the
near physiological pH 7.5.4. Discussion
The present results demonstrate the presence of syntaxin 1A,
along with synaptotagmin I, in secretory granules of adrenal
chromaﬃn cells, and further show that CGA and CGB inter-
act with several secretory granule integral membrane proteins
including syntaxin 1A and synaptotagmin I. Evidence for the
presence of synaptotagmin I in secretory granules of neuroen-
docrine cells has been obtained by immunoﬂuorescence and
subcellular fractionation studies in the past [9–12]. Due to
the intrinsic limitation of immunoﬂuorescence and subcellular
fractionation methods in resolving the subcellular location of
target molecules, an unambiguous demonstration of the pres-
ence of synaptotagmin I in secretory granules was warranted.
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presence of synaptotagmin I in secretory granules.
Nevertheless, the presence of syntaxin 1A in secretory gran-
ules comes as a surprise because syntaxin 1A has been known
as a member of t-SNAREs [1–6,13]. As shown in Fig. 2A and
Table 1, presence of syntaxin 1A in secretory granules appears
more evident than that in the ER or plasma membrane.
Although syntaxin 1A is also found in the ER, 14.6 syntaxin
1A-labeling gold particles/lm2 of the ER are much lower than
23.1 syntaxin 1A-labeling gold particles/m2 of secretory gran-
ules of chromaﬃn cells, suggesting prevalence of syntaxin 1A
in secretory granules. In view of the function that syntaxin
1A plays an important role in the fusion of secretory granules
with the plasma membrane during exocytotic processes, there
might be little or no diﬀerence for the fusion process to occur
whether syntaxin 1A is in the plasma membrane or in secretory
granule membrane.
In addition to our previous results that indicated complex
formation between all three isoforms of IP3R and chromo-
granins A and B [33], the present results give insights into
the molecular mechanism of secretory granule biogenesis by
chromogranins A and B [18,19]. Interaction of the granule
membrane proteins with CGA was signiﬁcantly weaker than
with CGB, suggesting that the membrane proteins dissociated
from CGA readily by a mere change of the pH of the buﬀer
from 5.5 to 7.5 (Fig. 3). Unlike the interaction with CGA, very
little of the membrane proteins dissociated from CGB by a
mere change of pH from 5.5 to 7.5 (not shown). Only when
the pH 7.5, 1 M KCl buﬀer was used were the bound granule
membrane proteins eluted from the CGB-column (Fig. 4).
These results are in accord with our previous results that indi-
cated a stronger aﬃnity of CGB for the secretory granule
membrane [26].
In our previous study, it was shown that many integral mem-
brane proteins as well as granular matrix proteins bind to
CGA at pH 5.5; some granular matrix proteins were shown
to bind only to either CGA or the vesicle membrane [34]. This
result suggested that most of the granule membrane proteins
and matrix proteins move into secretory granules along with
CGA and CGB, either by binding directly to CGA or CGB,
or by associating with the proteins that bind to CGA or
CGB, during secretory granule biogenesis. In this regard, pres-
ent results further support the critical roles of CGA and CGB
in secretory granule biogenesis [18,19].
Moreover, considering that CGA and CGB are the major
proteins of secretory granules of neuroendocrine cells
[14,16,30] with the high capacity, low aﬃnity Ca2+-binding
property [31,32], interaction of chromogranins A and B with
the IP3R/Ca
2+ channel [21–23] and the exocytotic machinery
syntaxin 1A and synaptotagmin I appears to be of utmost
physiological importance. Since secretory granules have been
identiﬁed as a major IP3-sensitive intracellular Ca
2+ store of
neuroendocrine cells [29,35,36] and secretory granules are
known to contain large amounts of calcium [16,17], the inter-
action between the Ca2+ sensing molecules and chromogranins
seems to underscore important roles these molecules play in
Ca2+-dependent secretory processes.
In view of the important roles of the SNARE proteins and
synaptotagmin during exocytosis [1–6,13], interaction between
the intragranular proteins chromogranins and the SNAREs di-
rectly couples chromogranins to the fusion process. The notion
of active participation of chromogranins in the formation offusion complex through protein–protein interaction highlights
the possibility of direct communication between the intragran-
ular matrix proteins and the fusion machinery, implicating the
degree of intragranular loading to eventual exocytosis. In this
regard, it appears likely that mature secretory granules trans-
mit the internal readiness regarding the degree of intragranular
secretory cargo loading, whether they be hormones, neuro-
transmitters, or ions like Ca2+, to the SNAREs to inﬂuence
not only the formation of fusion apparatus but also the subse-
quent secretory processes.
Interestingly, it has been shown that loading of glutamate
into insulin-containing secretory granules of pancreatic b-cells
is prerequisite for the subsequent fusion of the secretory gran-
ules with the plasma membrane and the secretion of insulin
[37]. Moreover, depletion of Ca2+ from the insulin-containing
secretory granules has also been shown to inhibit insulin secre-
tion [38], suggesting that there is a close correlation between
the extent of granular loading and the initiation of exocytotic
processes. In this respect, our present results provide the
molecular link between the intragranular contents and the
components of exocytotic machinery. The predominant pres-
ence of syntaxin 1A in secretory granules points to the possibil-
ity that the granular syntaxin 1A plays a far more active role in
forming the SNARE complex than that in the plasma mem-
brane. In this case, the primary participant in the SNARE
complex formation might be the granular syntaxin 1A, and
the role of the sparsely located plasma membrane syntaxin
1A is likely to be secondary to that of the granular syntaxin
1A. The fact that synaptotagmin I is also in the secretory gran-
ule further strengthens this possibility.
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